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1. SCOPE

This document describes the assembly of the Main and Tracker radiators of AMS02
performed by Carlo Gavazzi Space in the frame of the AMS-02 CD AS| contract activities
for the development of the TCS subsystem as part of the AMS-02 experiment.

The document corresponds to deliverable DEL-66.

_
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2. DOCUMENTS

Documents here below identified are applicable and/or reference for the activities described in the present document
and are considered part of it to the extent specified herein.

2.1 APPLICABLE DOCUMENTS

AD Doc. Number '5;:\?’ Date Title / Applicability Remarks
1 | AMS-SP-CGS-003 1 25/03/2008 AMS-02 Thermal Requirements
specification document
2 | AMSCD-PL-CGS-001 1 AMSO02 PA Plan
04/02/08 AMS-02 Structural
Verification Plan for the
3 |JSC28792 D Space Transportation
System and the
International Space Station
Allegato tecnico gestionale
4. |Aal linosioan 1 al contratto ASI 1/008/08/0

2.2 REFERENCE DOCUMENTS

RD Doc. Number ISRS::I Date Title / Applicability Remarks

1| ECSS-E-10-03 A ; Testing

2| ECSS-E-10-02 A . Verification

3 Main and Traker radiators design
AMSTCS-TN-CGS-006 1 report

4 AMSTCS-TN-CGS-010 1 CAB TCS Design Report

5 AMSTCS-PL-CGS-002 AMS02 TCS AIV PLAN

6 02/11/2009 RAM radiator cabling electrical
AMSTCS-RP-CGS-017 1 checkout report

7 02/11/2009 WAKE radiator cabling electrical
AMSTCS-RP-CGS-018 1 checkout report
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3. ACRONYMS
C.L Configuration Item. Also called Part Number (P/N)

CGS Carlo Gavazzi Space

EMC Electro-Magnetic Compatibility

ESD Electro-Static Discharge

ESEM Exchangeable Standard Electrical Mdule
FM Flight Model

HW Hardware

IDD Interface Data Document

I/F Interface

NA Not Applicable

P/N Part Number. Also called Configuration Iltem C.|.
PA Product Assurance

PDS Power Distribution system

PVS Procedure Variation Sheet

QA Quality Assurance

RID Review Item Disposition

R/W Read/Write

RPDA Remote Power Distribution Assembly
S/N Serial Number

TBC To Be Confirmed

TBD To Be Designed

TCS Thermal Control System

TE Test Equipment

uuT Unit Under Test

-
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4. AMS02 TCS OVERVIEW

The TCS described in this document is to be installed on the international Alpha Magnetic Spectrometer
experiment, AMS-02, that is planned for a five years mission as attached payload on ISS Truss structure
as indicated in Figure 2-1. The experiment is designated AMS-02, since it is an improved version of AMS-
01 flown on the Shuttle mission STS-91 in 1998, and is developed by a joint international Collaboration
named “AMS Collaboration”.

The Alpha Magnetic Spectrometer will provide data on cosmic radiations in a large range of energy from
0.5 GeV to 3 TeV. The main goals in the astroparticle physics domain are the anti-matter and the dark
matter search, for which AMS-02 can be considered a very complete detector: while the antiproton
detection suffers from large secondary interaction background, the anti-4He or anti-3He signal would allow
to probe the universe up to the redshift of about 1000.

The overall experiment configuration is depicted in Figure 2.
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Figure 2 Overall Configuration of AMS-02

CGS has also been involved in the preliminary design of the AMS Thermal Control System (TCS) in

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.
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previous contracts.

This plan describes all major activities and associated means, beginning with the evolution of the system
level configuration considering the interactions between the system and other subsystems/equipments,
their interfaces and requirements through the establishment of baseline design, detailed design and
analysis, procurement, manufacturing, tests, verification/post verification down to acceptance and delivery.

5. INTRODUCTION

CGS is in charge for Engineering and AIT (Manufacturing is done by the AMS collaboration and hence
excluded from the AS| contract activities), for :

* 2 Main radiators (RAM and WAKE)

e 2 Tracker radiators (RAM and WAKE)

The main components of PFM radiator models are:

 Flight standard sandwich Radiator panels with embedded heat pipes and installed heaters
(AFE), connectors and brackets

e Thermostats

e Heaters and thermostats harness

* TCS mechanical parts (e.g.: brackets) miscellanea

In the next flow chart the Main and Tracker radiators AlV flow is described:

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati,
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.
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Figure 3 Main and Tracker radiators AlV flow (dashed activities outside ASI contract). Highlighted in light blue the
assembly steps

5.1 RADIATOR PANELS DESIGN

Both Tracker and Main Radiators have been realized following the same design and construction philosophy: they
consist in aluminum sandwich panels with embedded axial grooved heat pipes and aluminum insert for transferring
the mechanical loads via bolts.

5.1.1 MAIN RADIATORS

Main radiators (RAM and WAKE) are made by two 0.5mm Al2024-T81 skins glued on a ROHACELL FW51 core
(25.4mm thick); heat pipe and inserts are glued on both surface. Radiative surface is white painted (absorptivity
equal to 0.18 and emissivity equal to 0.94)

On Main radiators Kapton foil heaters are glued, to guarantee the survival and the switch on of all the electronics in a
cold environment. A total amount of about 950W and 1100W heater power is installed respectively on RAM and
WAKE radiator.

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.
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Figure 4 RAM radiator (AFE)

Heaters integration procedure is described in document TCS-080612 by the AMS Collaboration.

' i -

B R | o T e e e A

"

344

|

Figure 5 RAM radiators heater ID
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Figure 6 RAM radiator heaters location and dimension (Drawing No: 21-AMS-000.99.00)
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Figure 7 WAKE radiator (AFE

)

Heaters integration procedure is described in document TCS-080717 by the AMS Collaboration.

-
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WAKE RADIATOR INNER SIDE VIEW (CRATES SOE)

RADATOR HEATIRS POSITIONING
(crates mot shown)

Figure 9 WAKE radiator heaters position
5.1.2 TRACKER RADIATORS

The two Tracker Radiators are identical and consist of a 14mm thick ROHACELL® WF 51 core and two Al2024-T81
skins with different thickness (0.8mm radiative side skin. 0.2mm internal side skin). Embedded heat pipe and
uniformly distributed inserts complete the radiators assembly. As for Main radiators, Kapton foil heaters (100W for
each radiator) are uniformly distributed on the surface of the radiator.
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Figure 10 Tracker radiator panels (AFE

)

Heaters integration procedure is described in document TCS-071219 by the AMS Collaboration.

Figure 11 Tracker radiator heater location and dimension
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Figure 12 TRACKER RADIATOR Heaters ID

5.2 RADIATORS ASSEMBLY
The assembly phase main activities are the following:

* MAIN RAM and WAKE radiator panels incoming inspection(AFE)
TRACKER RAM and WAKE radiator panels incoming inspection (AFE)
TCS Electrical parts procurement

TCS Mechanical parts procurement

MAIN RAM radiator and TCS components assembly

MAIN WAKE radiator and TCS components assembly

TRACKER RAM radiator and TCS components assembly

TRACKER WAKE radiator and TCS components assembly

e o o o @

The assembly of the TCS components on these radiators consists of installation on the inner face of
- thermostats
- electrical connections (terminal blocks)
- connectors and connector brackets

according to design:

e MAIN RAM Radiator Electrical & Thermal HW Layout ASSY : 41-AMS02TCS-200.00.00
* MAIN WAKE Electrical & Thermal HW Installation ASSY - 42-AMS02TCS-200.00.00

* TRACKER RAM Electrical & Thermal hardware ASSY : 47-AMS02TCS-200.00.00

* TRACKER WAKE Electrical & Thermal hardware ASSY - 47-AMS02TCS-300.00.00
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6. ASSEMBLY DESCRIPTION
6.1  MAIN RADIATOR RAM TCS (C.I. 41-AMS02-200.00.00)

6.1.1  MAIN RADIATOR RAM TCS COMPLETED ASSEMBLY ACTIVITIES

Thermostats have been glued using ECCOBOND 285 CATALYST 23LV in the locations provided in drawing 41-
AMS02TCS-200_00_06 RAM_HEATERS_THERMOSTATS_CABLING.

Tie brackets have been glued using EC2216 in the location provided in drawing 41-AMS02TCS-200_00 06
RAM_HEATERS_THERMOSTATS CABLING.

Connector brackets, terminal blocks and terminal junctions have been bolted at the prescribed torque as per
drawing 41-AMS02TCS-200_00_00 “MAIN RAM_ELECTRICAL AND THERMAL HARDWARE INSTALLATION
ASSEMBLY.

Circular connectors have been bolted to connector brackets at the prescribed torque as per drawing 41-AMS02tcs-
200_00_00 “"MAIN RAM_ELECTRICAL AND THERMAL HARDWARE INSTALLATION ASSEMBLY.

Cabling has been done as per Drawing 41-AMS02TCS-200.00.07.

Assembly of C.I. 41-AMS02-200.00.00 has been successfully completed.

6.1.2 MAIN RADIATOR RAM - INTEGRATION ACTIVITIES

J crate heaters (HR 3/1 and HR 3/2) and JPD heaters (HR 1/3 and 1/ 4 ) and thermostats are installed on the J crate,
and they will be (electrically) connected to the already assembled radiator only after the integration on AMS, as per

drawing 41-AMS02TCS-200_00_06 RAM HEATERS THERMOSTATS CABLING. and 41-AMS02TCS-000.00.00
RAM RADIATOR INSTALLATION ASSY

6.2 MAIN RADIATOR WAKE (C.1. 42-AMS02TCS-200.00.00)
6.2.1 MAIN RADIATOR WAKE TCS — COMPLETETD ASSEMBLY ACTIVITIES

Thermostats have been glued using ECCOBOND 285 CATALYST 23LV in the locations provided in drawing 42-
AMS02TCS-200_00_06 “WAKE HEATERS THERMOSTATS CABLING”

Tie brackets have been glued using EC2216 in the location provided in drawing 42-AMS02TCS-200_00 05 “WAKE
HEATERS THERMOSTATS CABLING".

Connector brackets, terminal blocks and terminal junctions have been bolted at the prescribed torque as per
drawing 42-AMS02TCS-200_00_00 “MAIN WAKE (RADIATOR) ELECTRICAL AND THERMAL HARDWARE
INSTALLATION ASSEMBLY".

Circular connectors have been bolted to connector brackets at the prescribed torque as per drawing 42-AMS02TCS-
200_00_00 “MAIN WAKE ELECTRICAL AND THERMAL HARDWARE INSTALLATION ASSEMBLY.

Cabling has been done as per Drawing 42-AMS02TCS-200.00.07.

Assembly of C.I. 42-AMS02TCS-200.00.00 has been successfully completed.
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6.2.2 MAIN RADIATOR WAKE -INTEGRATION ACTIVITIES

Heaters on the CAB LHP shown at page 3/3 of 42-AMS02TCS-200_00_05 “WAKE HEATERS THERMOSTATS
CABLING" are mounted on the CAB and they will be (electrically) connected to the already assembled radiator only
after the integration on AMS according to 42-AMS02TCS-000.00.00 WAKE RADIATOR INSTALLATION ASSY.

6.3 TRACKER RADIATOR RAM (C.I. 47-AMS02TCS-200.00.00 )
6.3.1 TRACKER RADIATOR RAM - COMPLETED ASSEMBLY ACTIVITIES

Thermostats have been glued using ECCOBOND 285 CATALYST 23LV in the locations provided in drawing 47-
AMS02TCS-200.00.00 RAM TRACKER RADIATOR ELECTRICAL AND THERMAL HARDWARE INSTALLATION
ASSEMBLY

Tie brackets have been glued using EC2216.
Assembly of C.I. 47-AMS02TCS-200.00.00 has been successfully completed.

6.3.2 TRACKER RADIATOR RAM - INTEGRATION ACTIVITIES

Connector brackets and terminal blocks Are located on the bracket mounted to the USS of AMS02 as per drawing
47-AMS02TCS-200.00.00 RAM TRACKER RADIATOR ELECTRICAL AND THERMAL HARDWARE
INSTALLATION ASSEMBLY.

They will be (electrically) connected to the already assembled radiator only after the integration on AMS according to
47-AMS02TCS-000.00.00 TRACKER RADIATOR INSTALLATION ASSY.

6.4 TRACKER RADIATOR WAKE (C. I. 47-AMS02TCS-300.00.00)
6.4.1 TRACKER RADIATOR WAKE — COMPLETETD ASSEMBLY ACTIVITIES

Thermostats have been glued using ECCOBOND 285 CATALYST 23LV in the locations provided in drawing 47-
AMS02TCS-300.00.00 WAKE TRACKER RADIATOR ELECTRICAL AND THERMAL HARDWARE INSTALLATION
ASSEMBLY

Tie brackets have been glued using EC2216.
Assembly of C.I. 47-AMS02TCS-300.00.00has been successfully completed.

6.4.2 TRACKER RADIATOR WAKE - INTEGRATION ACTIVITIES

Connector brackets and terminal blocks Are located on the bracket mounted to the USS of AMS02 as per drawing
47-AMS02TCS-300.00.00 WAKE TRACKER RADIATOR ELECTRICAL AND THERMAL HARDWARE
INSTALLATION ASSEMBLY.

They will be (electrically) connected to the already assembled radiator only after the integration on AMS. according
to 47-AMS02TCS-000.00.00 TRACKER RADIATOR INSTALLATION ASSY.
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7. INSPECTION RESUTS AND PICTURES

In the following sections, the inspection results and photos of the radiators assembly will be provided at the TRB.
For those items that require AMS Integration to be installed, because located on Hardware not physically available to
CGS before integration on AMS, the photos will be provided at the PS1. A specific section is dedicated to these

items.

7.1 MAIN RADIATOR RAM
7.1.1 INSPECTION RESULT AFTER THE ASSEMBLY

See AMSTCS-RP-CGS-017 (RD6)

7.1.2 ELECTRICAL CHECKOUT RESULTS AFTER ASSEMBLY

See AMSTCS-RP-CGS-017 (RD6)

7.1.3 ASSEMBLED MAIN RAM RADIATOR PHOTOS.

1131 OVERALL PICTURE (REAR SIDE)

Figure 13 Assembled RAM radiator back side
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71.3.2  DETAILED VIEW OF THE THERMOSTAT GROUP

Figure 14 Thermostats groups

Figure 15 Thermostats groups
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Figure 16 Thermostats groups

7.1.3.3  DETAILED VIEW OF THE CONNECTOR BRACKET WITH INSTALLED CONNECTORS

Figure 17 Connector brackets
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7.1.3.4  DETAILED VIEW OF THE TERMINAL BLOCKS

Figure 18 Terminal blocks

7.1.3.5  DETAILED VIEW OF THE J ~CRATE AND JPD CRATE HEATERS (AFTER INTEGRATION
ON AMS)

To be provided at the PS1

Figure 19 J crate heaters

To be provided at the PS1

Figure 20 JPD crate heaters
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7.2 MAIN RADIATOR WAKE

7.21 INSPECTION RESULT AFTER THE ASSEMBLY

See AMSTCS-RP-CGS-018 (RD8)

7.2.2 ELECTRICAL CHECKOUT RESULTS AFTER ASSEMBLY
See AMSTCS-RP-CGS-018 (RD9)

7.2.3 ASSEMBLED MAIN WAKE RADIATOR PHOTOS.

Figure 21 Assembled WAKE radiator back side
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7.2.3.1 DETAILED VIEW OF THE THERMOSTAT GROUP

Figure 22 Thermostats groups

i
e

!

Figure 23 Thermostats groups
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Figure 24 Thermostats grups

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZ| SPACE SpA. All right reserved.




' Do AMSTCS-RP-CGS-006
AMS02-TCS

CARLD Gavazz) Ediz.: Data:
v a2 DM 02/11/2009
MAIN AND TRACKER RADIATORS ASSEMBLY Pagina 27 di 32
CARLO GAVAZZ| SPACE SpA REPORT Page of

7.2.3.2  DETAILED VIEW OF THE CONNECTOR BRACKET WITH INSTALLED CONNECTORS

Figure 25 Connector brackets

7.2.3.3  DETAILED VIEW OF THE TERMINAL BLOCKS

Figure 26 Terminal blocks
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7.2.34  DETAILED VIEW OF THE CAB HEATERS (AFTER INTEGRATION ON AMS)

To be provided at the PS1

Figure 27 CAB heaters

7.3 TRACKER RADIATOR RAM

7.3.1 INSPECTION RESULT AFTER THE ASSEMBLY

To be provided at the TRB

7.3.2 ELECTRICAL CHECKOUT RESULTS AFTER ASSEMBLY
To be provided at the TRB

7.3.3 ASSEMBLED TRACKER RAM RADIATOR PHOTOS.

7.3.3.1 OVERALL PICTURE (REAR SIDE)

To be provided at the PS1

Figure 28 Assembled TRACKER RAM radiator back side
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7.3.3.2  DETAILED VIEW OF EACH THERMOSTAT GROUP

Figure 30 Thermostats groups

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZ| SPACE SpA. All right reserved.




' Do2o¢ AMSTCS-RP-CGS-006
AMS02-TCS

CARLD GavAZZi Ediz.: Data:
v mee 2 D2 02/11/2009
MAIN AND TRACKER RADIATORS ASSEMBLY Pagina 30 di 32
CARLO GAVAZZ| SPACE SpA REPORT Page of

7.3.3.3  DETAILED VIEW OF EACH CONNECTOR BRACKET AND TERMINAL BLOCKS WITH
INSTALLED CONNECTORS

To be provided at the PS1

Figure 31 Connectors and terminal blocks

7.4 TRACKER RADIATOR WAKE

7.41 INSPECTION RESULT AFTER THE ASSEMBLY

To be provided at the PS1

7.4.2 ELECTRICAL CHECKOUT RESULTS AFTER ASSEMBLY
To be provided at the PS1

7.4.3 ASSEMBLED TRACKER WAKE RADIATOR PHOTOS.

7.4.31 OVERALL PICTURE (REAR SIDE)

To be provided at the PS1

Figure 32 Assembled TRACKER WAKE radiator back side

7.43.2 DETAILED VIEW OF EACH THERMOSTAT GROUP
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Figure 34 Thermostats groups
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7.43.3 DETAILED VIEW OF EACH CONNECTOR BRACKET
INSTALLED CONNECTORS

AND TERMINAL BLOCKS WITH

To be provided at the PS1

Figure 35 Connectors and terminal blocks
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